We have assembled the largest sample of ultra hard X-ray selected (14-195 keV) AGN with host galaxy optical data to date, with 185 nearby (z<0.05), moderate luminosity AGN from the Swif t BAT sample. The BAT AGN host galaxies have intermediate optical colors (u − r and g − r) that are bluer than a comparison sample of inactive galaxies and optically selected AGN from the Sloan Digital Sky Survey (SDSS) which are chosen to have the same stellar mass. Based on morphological classifications from the RC3 and the Galaxy Zoo, the bluer colors of BAT AGN are mainly due to a higher fraction of mergers and massive spirals than in the comparison samples. BAT AGN in massive galaxies (log M * >10.5) have a 5 to 10 times higher rate of spiral morphologies than in SDSS AGN or inactive galaxies. We also see enhanced far-IR emission in BAT AGN suggestive of higher levels of star formation compared to the comparison samples. BAT AGN are preferentially found in the most massive host galaxies with high concentration indexes indicative of large bulge-to-disk ratios and large supermassive black holes. The narrow-line (NL) BAT AGN have similar intrinsic luminosities as the SDSS NL Seyferts based on measurements of [O III] λ5007. There is also a correlation between the stellar mass and X-ray emission. The BAT AGN in mergers have bluer colors and greater ultra hard X-ray emission compared to the BAT sample as whole. In agreement with the Unified Model of AGN, and the relatively unbiased nature of the BAT sources, the host galaxy colors and morphologies are independent of measures of obscuration such as X-ray column density or Seyfert type. The high fraction of massive spiral galaxies and galaxy mergers in BAT AGN suggest that host galaxy morphology is related to the activation and fueling of local AGN.
INTRODUCTION
Most galaxies with bulges harbor a supermassive black hole in their center (Magorrian et al. 1998 ), yet only a small fraction exhibit the powerful radiative or kinetic output associated with an active galactic nucleus (AGN). While it is well established that matter falling onto the supermassive black hole is emitted as energy, the source of this material remains highly controversial. To understand what activates and continues to fuel AGN, we must better characterize the conditions of the host galaxies in which they are found. What environmental factors trigger these black holes to begin emitting so much energy and what continues to fuel this process?
Numerical simulations suggest that quasars (L bol >10 45 erg s −1 ) are the end product of mergers between gas-rich disk galaxies, and that supermassive black hole accretion heats the interstellar material and quenches star formation leading to passive elliptical galaxies (di Matteo et al. 2005) . Alternatively, other simulations suggest sources other than mergers may fuel lower luminosity AGN, such as gas streaming down galactic bars or steady cold gas streams (Mulchaey & Regan 1997; Hopkins & Hernquist 2006; Dekel et al. 2009 ).
A number of observational studies have provided interesting yet contradictory results about the relationship between the host galaxy and the AGN. A study of the host galaxies of X-ray selected AGN from the Extended Chandra Deep Field-South found that AGN are in the most luminous galaxies, with intermediate optical colors, and bulge dominated morphologies (Silverman et al. 2008) . Another study of narrow emission line (NL) AGN in the Sloan Digital Sky Survey (SDSS) found the hosts were predominantly massive early-type galaxies and the most luminous AGN galaxies had significant star formation (Kauffmann et al. 2003 ). An additional survey of the SDSS NL AGN host galaxies found, compared to a sample of nearby inactive galaxies, most AGN occur along the red sequence (Westoby et al. 2007) . Even though these studies draw their conclusions from large optical surveys or soft X-ray surveys, their results may be biased by missing an important population of obscured AGN.
A less biased survey of AGN must account for absorption of light by gas and dust. In addition, the survey must distinguish between host galaxy emission primarily from stars and emission from AGN. Historically, an inability to account for these factors provided different results depending upon the wavelength used for observation. Initially, AGN were selected by radio techniques (Heckman 1980) or optically using broad and strong emission lines, a luminous point-like nucleus, or irregular galaxy color (Weedman 1977) . The presence of broad optical emission lines was used to separate Seyfert 1 galax-ies with broad permitted and narrow forbidden lines and Seyfert 2 galaxies with only narrow permitted and forbidden line emission. In the unified model (Antonucci 1993) both broad line Seyfert 1 galaxies and obscured Seyfert 2 galaxies are intrinsically the same, with the differences being the viewing of the central engine. Surveys of AGN taken in the optical, UV, and soft X-rays (< 2 keV) miss an important population of obscured narrow line AGN only visible in the ultra hard X-ray and mid-IR wavelengths (Mushotzky 2004; Koss et al. 2011) . While the mid-IR wavelength is less obscured, this wavelength range is problematic because of confusion with emission from star formation, sensitivity to the amount of obscuring material, and the lack of a unique way to select AGN from other luminous IR galaxies (Stern et al. 2005; Hickox et al. 2009 ). Therefore, the ultra hard Xray, >15 keV range offers an important new way to select AGN for a less biased survey.
The BAT survey is an all sky survey in the ultra hard X-ray range that has identified 461 objects of which 262 are AGN (Tueller et al. 2010) . The BAT instrument is a large field of view (1.4 steradian) coded aperture imaging instrument. Because of the large position error of BAT (≈ 2 ′ ) higher angular resolution X-ray data for every source from Swift-XRT or archival data have been obtained allowing associations with 97% of BAT sources. This sample is particularly powerful since the BAT is sensitive in the 14-195 keV band and at obscuring columns of >10 24 cm −2 where only high-energy X-ray emission (tens of keV) can pass through the obscuring material. It is therefore sensitive to heavily obscured objects where even hard X-ray surveys (L 2−10 keV ) are severely reduced in sensitivity. At 22 months 6 , the BAT survey has a sensitivity of approximately 2.2 × 10 −11 erg cm −2 s −1 . With this sensitivity, the BAT survey is about 10 times more sensitive than the previous all-sky ultra hard X-ray survey, HEAO 1 (Levine et al. 1984) . About 15%, or 30 of the AGN, have never before been detected as AGN at other wavelengths.
While AGN host galaxy studies using X-ray surveys typically probe objects at moderate redshift (out to z≈1), more nearby (z<0.05) AGN offer the best opportunity to study the host in detail since high spatial resolution data are easily obtainable. The majority of the BAT AGN are nearby with a median redshift of 0.03. Thus, a study of the BAT AGN sample provides an excellent opportunity to answer the controversial question of AGN fueling and its relationship to the host galaxy.
The BAT AGN sample have already provided several interesting results about their host galaxies. One study found that BAT AGN show a merger rate of 24% compared to only 1% in normal galaxies . A study of the morphologies based on NED classifications and DSS imaging found a majority to be in spirals or peculiars ). Other studies found that BAT AGN have been shown to have additional reddening of the narrow line region not accounted for in optical studies and be misclassified as star forming or composite regions Meléndez et al. 2008 ). In the case of host galaxy colors, two studies using <20 BAT AGN reached different conclusions: Schawinski et al. (2009) found that the AGN tend to 6 http://heasarc.gsfc.nasa.gov/docs/swift/results/bs22mon/ be in intermediate or red galaxies and possibly suppress star formation, while Vasudevan et al. (2009) found BAT AGN in blue, starforming galaxies. This contradiction highlights a major problem in current AGN host galaxy studies: the paucity of large, uniform samples with high quality data. To make progress on this issue, we have assembled the largest sample of ultra hard X-ray selected AGN with host galaxy optical data to date, with 185 AGN in total. The BAT AGN and comparison samples are discussed in §2; data reduction and analysis in §3 with additional discussion of removal of AGN light in appendix §A, the comparison sample in §B, and selection effects in appendix §C; the results in §4; and the summary and discussion in §5.
SAMPLES

BAT AGN Sample
We selected our sample to focus on Seyfert AGN in the BAT sample which contribute the large majority, 87% of the total sample, and 99% of the nearby, z<0.05 sample. We use the classifications of Tueller et al. (2010) to exclude beamed sources such as blazars. We also restrict the sample to nearby AGN (z<0.05) which includes 80% of the BAT sample. These AGN can be further classified on the basis of broad or narrow emission lines. We define NL AGN as having Hα<2000 km/sec using spectroscopic data from Winter et al. (2010) , Ho et al. (1997) , and the SDSS. For those BAT galaxies without spectra, we use the SDSS galaxy class separator or available data from NED to separate NL and broad-line objects. The BAT sample has 50% (93/185) NL and 50% (92/185) broad-line sources. In addition to including the entire range from unobscured to highly obscured, the AGN have moderate luminosities (log L 2−10 keV ≈43), and therefore accretion rates, typical of the local universe.
By imposing an upper redshift limit (z<0.05) to the sample, we focus on galaxies that are close enough to have good spatial resolution (700 pc) from ground-based optical imaging. We further restrict our survey to Northern declinations (>-25 • ). We also exclude six nearby galaxies with bright foreground Galactic stars where photometry is difficult and three nearby bright galaxies with saturated pixels. This survey covers 125 nearby AGN or 50% of the entire BAT AGN sample from the 22 month survey. We also included an additional 60 AGN galaxies detected in the 58 month BAT sample catalog (Baumgartner et al. 2010, submitted) with X-ray followup with the Swif t XRT telescope that showed a coincident source to the 14-195 keV BAT source in the 2-10 keV band.
The optical imaging data for these galaxies include 17 nights at the Kitt Peak 2.1m telescope in the ugriz SDSS bands (Table 1) and data from the SDSS ( Table 2 ). The final Kitt Peak and SDSS sample includes a total of 185 galaxies, 79 BAT AGN host galaxies observed at Kitt Peak, 92 from the SDSS, and 14 galaxies observed by both the SDSS and at Kitt Peak.
Comparison Samples
To better understand the host galaxy properties of BAT AGN, we used a comparison sample of inactive galaxies and a sample of emission line selected AGN from the SDSS. We will henceforth refer to the three samples as the BAT AGN, inactive galaxies, and SDSS AGN, respectively.
The inactive galaxies were selected from the SDSS to have high quality photometry and similar redshifts as the BAT AGN. We selected all non-QSO galaxies from the SDSS DR7 with spectra and imaging data with redshift confidence, z conf >0.9 and a redshift interval similar to the BAT AGN (0.01<z<0.07). We chose this slightly higher redshift interval because many of the SDSS galaxies with z<0.01 are too bright to be targeted in spectroscopy. We also removed NL Seyfert or LINER AGN from this sample using emission line diagnostics (Kewley et al. 2006 ) and the Garching catalog of reduced spectra of narrow line AGN (Kauffmann et al. 2003) . Galaxies totaled 68,275. We will refer to this sample as the inactive galaxy sample.
Finally, we used a sample of emission line selected AGN in the SDSS for comparison, which we refer to as the SDSS AGN. Winter et al. (2010) found that the majority (75%) of a sample of 64 BAT AGNs were Seyferts. Only 3/64 (<5%) of BAT AGN were classified as LINERS, so we excluded this type of AGN from the comparison sample. We chose narrow-line AGN since the nucleus is invisible in the optical band and thus does not have to be modeled to determine the host galaxy properties. We therefore chose a sample of all type 2 Seyferts in the SDSS DR7 with 0.01<z<0.07. We used 1282 Seyferts in this redshift range.
To ensure that the BAT AGN were not more intrinsically luminous than the SDSS AGN sample of Seyferts, we compared the [O III] of the BAT AGN with available spectra to the SDSS AGN (Fig. 1) . When measuring [O III], we used the narrow Balmer line ratio (Hα/Hβ) to correct for extinction assuming an intrinsic ratio of 3.1 and the Cardelli et al. (1989) reddening curve. For reference we also included LINERS in the SDSS. For the BAT AGN we used spectroscopic data from Winter et al. (2010) , Ho et al. (1997) , and the Garching Catalog of SDSS spectra Kauffmann et al. (2003) . We find that the BAT AGN have similar [O III] luminosities as the SDSS NL Seyferts, suggesting that they also have similar intrinsic luminosities (although there may still be differences, see §5). We find a similar relation when only including sources with SDSS spectroscopy and excluding spectroscopic data from Winter et al. (2010) and Ho et al. (1997) .
DATA ACQUISITION, REDUCTION, AND ANALYSIS
Throughout this work, we adopt the following cosmological parameters to determine distances: Ω m = 0.27, Ω Λ = 0.73, and H 0 = 71 km s −1 Mpc −1 . For galaxies with z<0.01, we use the mean value of redshift independent measurements from NASA Extragalactic Database (NED) when available. Unless otherwise noted, error bars correspond to 1σ standard deviation of the sample.
Data Acquisition
The Kitt Peak sample was obtained in February 2008 and November 2008 using the t1ka, t2ka, and t2kb CCDs on the 2.1m telescope. A random sample of gri tricolor images that have been flux calibrated using the procedure of Lupton et al. (2004) are shown in Fig. 2 . Each galaxy was imaged so that a high signal-to-noise ratio Figure 2. Random sample of 18 gri composite images of galaxies in the BAT AGN sample taken at Kitt Peak. An arcsinh stretch was used with flux scaled by magnitudes (Lupton et al. 2004 ).
could be achieved to capture faint features and low surface brightness emission with 12 minutes in u and 6 minutes in griz. The u images were obtained at twice the imaging time because of the higher sky brightness and lower signal-to-noise ratio in this band. Limiting magnitudes and observing conditions can be found in Table  3 .
3.2. Initial Calibration The initial imaging analysis involved calibration of zero point magnitudes, coadding SDSS plates for larger galaxies, and removing extraneous sources (e.g. foreground stars, other galaxies). For calibration of the Kitt Peak data, we used the primary standard star network of 158 stars used by the SDSS for calibration (Smith et al. 2002) . A calibration star was imaged before and after each galaxy at similar airmass. Extinction coefficients were determined using standard stars on a nightly basis. Standard IRAF routines were used to remove bias, dark current, and CCD non-linearity. Galactic extinction corrections were made based on data from IRAS and COBE/DIRBE (Schlegel et al. 1998) . For 8 SDSS galaxies extending across multiple SDSS plates, the MON-TAGE software was used to reproject the images, rectify background and coadd plates. WCSTools was used to register Kitt Peak images from USNO stars (Mink 1996) . Nearby foreground stars and galaxies were identified using segmentation maps produced by SExtractor (Bertin & Arnouts 1996) . The segmentation map identified object pixels using a threshold of 3σ and a minimum of 5 pixels in griz. In the u band, the detection threshold was set to 1σ to ensure that faint star forming regions were detected. The segmentation map was visually compared to three color gri images to ensure proper star and galaxy separation. Stellar or foreground galaxy objects were masked with the IRAF FIXPIX routine.
Host Galaxy Photometry
The residual host galaxy colors were measured after removing the AGN light contribution using GALFIT. To ensure that the AGN emission was properly removed we performed simulations of AGN galaxies to test GALFIT and also checked the subtraction for BAT AGN (see Appendix §A for a discussion). A modified form of the Petrosian system, the same as is used in the SDSS automated pipeline, was used for photometry (Blanton et al. 2001) for both the SDSS and Kitt Peak observed BAT AGN galaxies. The Petrosian aperture is determined to be large enough to enclose almost all of the flux for typical galaxy profiles, but small enough that the sky noise is not significant. For consistency, the Petrosian aperture is determined from the r band and applied to the other bands. A galaxy with a bright stellar nucleus, such as a broad-line Seyfert galaxy, can have a Petrosian radius set by the nucleus alone; in this case, the Petrosian flux misses most of the extended light. Therefore the Petrosian radius in the r band was determined after the AGN model from GALFIT was subtracted. We then used the software KCORRECT (Blanton & Roweis 2007) with the ugriz photometry to calculate the stellar masses. This code uses the stellar population models of Bruzual & Charlot (2003) and photoionization models of Kewley et al. (2001) . We used the same software to calculate the stellar mass for the inactive galaxy and SDSS AGN control samples.
We also made a comparison of the overlapping galaxy data from the SDSS and Kitt Peak to ensure there were no systematic differences in photometry. In some cases, the automated SDSS pipeline's photometry shreds bright galaxies into many smaller galaxies which leads to incorrect photometry estimates for bright, nearby galaxies (see Appendix §B). For cases where shredding wasn't a problem, the colors of overlapping galaxies observed at Kitt Peak and in the SDSS showed good agreement in griz with mean color differences less than 0.02 mag and sample standard deviation less than 0.05 mag. The u band is more uncertain with mean (u − g)= 0.05 ± 0.16 mag brighter for the Kitt Peak measurements. This difference is expected because the u band measurements in the SDSS have a lower signal-to-noise ratio and also suffer from a red leak 7 . There were also ten nearby galaxies or 5% of the sample with pixel saturation in the SDSS images because of a bright nucleus. For these galaxies we masked the saturated pixels and fit the remaining image with a point source (PS) and floating Sérsic Index. We then used the model fit to recover the saturated pixels. We restricted using this method to those galaxies with saturation in a 7 http://www.sdss.org/dr7/algorithms/fluxcal.html single imaging band with <25 pixels saturated. This excluded three very nearby galaxies (z<0.005; NGC 1068, NGC 4151, NGC 3998) with saturated pixels in multiple filters from the study. For five images of nearby galaxies taken at Kitt Peak, the estimated Petrosian radius extended beyond the edge of the CCD. In these cases we used the maximum part of the image available to determine the photometry. In addition, 16 galaxies or 9% had very low signal-to-noise ratio measurements in the u band and were not included in the photometry.
We have also provided a detailed discussion of the selection effects in the X-ray selected BAT sample of AGN, and the optically selected SDSS AGN and inactive galaxies (see Appendix §B and C). These selection effects are also included to enable comparison with AGN surveys at other wavelengths and for comparison with high-z studies.
RESULTS
4.1. Colors, Internal Extinction, and FIR emission Since host galaxy color traces star formation, a comparison of BAT AGN host galaxy colors to a sample of inactive galaxies should show whether the AGN is linked to enhanced or suppressed star formation. A full listing of the photometry measurements of the different samples can be found in Table 4 . A plot of g −r and u−r for BAT AGN, inactive galaxies, and optical AGN can be found in Fig. 3 . We find that the BAT AGN are bluer in both g−r and u − r than the sample of inactive galaxies and SDSS AGN in all but the lowest stellar mass bin (Table 5) . A Kolmogorov-Smirnov (K-S) test indicates a <1% probability that the distribution of host galaxy colors for the BAT AGN are from the same parent distribution as the inactive galaxies or SDSS AGN.
Host galaxy colors can be reddened in galaxies with high inclinations and large amounts of dust, so we measure whether these corrections change our result that the BAT AGN tend to be bluer than inactive galaxies or SDSS AGN. Because of the relative uncertainty in these measurements, we do not apply individual reddening corrections on any plots, but estimate how reddening corrections effect the average colors of the samples. In Fig. 4 , we show tricolor images of the 6 reddest and bluest BAT AGN host galaxies in g − r. The predominance of face-on spirals in the bluest sample and edge-on spirals in the reddest sample indicates the need for reddening correction based on inclination. Masters et al. (2010) studied internal extinction of galaxies identified as spirals in Galaxy Zoo and provided corrections based on the measured inclination from the SDSS photometry. For the three samples, we find that the average extinction for spiral galaxies is similar (0.04±0.03 in g − r), but because of the higher number of spirals in the BAT AGN sample compared to SDSS AGN or SDSS inactive galaxies (see §4.2), there is a larger extinction correction for the BAT AGN sample.
There are galaxies that have high levels of star formation, but are reddened in the optical wavelengths because of the presence of dust. For example, in the BAT AGN sample, the reddest galaxy in g − r is NGC 6240, a luminous infrared galaxy (LIRG) in a major merger, which shows a large amount of star formation in the far-IR. This indicates that dust can play a significant role Upper: Tricolor images of six bluest BAT AGN host galaxies in g − r. We find that these BAT AGN are predominantly in mergers and face on spirals. Lower: Tricolor images of six reddest BAT AGN host galaxies in g − r. We find that 4/6 of these BAT AGN are in edge-on spirals that are reddened by internal extinction. The predominance of face on spirals in the bluest galaxies and edge-on spirals in the reddest galaxies indicate the need for a reddening correction based on inclination.
in reddening the optical light and hiding increased levels of star formation. Therefore, we estimate the total dust extinction (A V ) for each galaxy by fitting the host ugriz SEDs using FAST (Kriek et al. 2009 ) with singleburst stellar population models. We use stellar templates from Bruzual & Charlot (2003) with the Chabrier (2003) initial mass function and solar metallicity. We fit a Calzetti et al. (2000) dust extinction reddening law (A V = 0-3). We assume that R V =3.1, and therefore E(B-V)=A V /3.1. We find that the reddening determined using fits to the optical SED of BAT AGN (0.34±0.26 in g − r) are on average larger than for comparable inactive galaxies (0.20±0.14) or SDSS AGN (0.21±0.13). Therefore, we do not find evidence that the bluer measured colors of BAT AGN, compared with those of inactive galaxies and SDSS AGN, can be explained as smaller dust reddening. In fact, reddening corrections make the BAT AGN even bluer than comparable SDSS AGN or inactive galaxies. We also find that the reddening corrections for host galaxy inclination are on average much smaller than dust reddening (0.04±0.03 vs. 0.34±0.26 in g − r). The far-IR provides an additional tracer of star formation that is less sensitive to reddening than shorter wavelengths. The 90 µm emission is a useful tracer of strong bursts of recent star formation and is less affected by AGN emission (Netzer et al. 2007; Mullaney et al. 2011 ). We first looked at the rate of detection in AKARI in each of the samples in the same redshift range (0.01<z<0.05). In this redshift range, 54±5% (86/185) of BAT AGN are detected by AKARI at 90 µm, compared to only 4±1% of SDSS AGN, and 5±1% of inactive galaxies. The error bars represent 1σ Poisson statistics.
To ensure this difference was not an effect of the differences in the distribution of stellar mass and redshift of the samples, we matched each BAT AGN to one inactive galaxy and one SDSS AGN based on redshift and stellar mass. We find a similar percentage for both inactive galaxies 7±3% (11/158) and SDSS AGN 3±2% (5/158) detected by AKARI. The error bars represent 1σ Poisson statistics.
While there is a possibility of AGN contamination in the 90 µm emission, the similar levels of AKARI detections for the inactive galaxies and SDSS AGN indicate that this level of contamination is limited. In addition, the AGN contamination to the FIR should be similar for BAT and SDSS AGN since the [O III] luminosities are similar and [O III] is an indicator of bolometric luminosity. All of these results indicate that the BAT AGN are more luminous at 90 µm, which suggests enhanced star formation among BAT AGN when compared to SDSS AGN and inactive galaxies.
Host Galaxy Morphology
We investigated galaxy morphology to find which environments are most conducive to hosting an AGN and how ultra hard X-ray selected AGN are different than the SDSS AGN or inactive galaxies. A full listing of the morphological measurements can be found in Table 6. While we have limited our results to NL AGN because of the difficulty of subtracting the light distribution to make morphological measurements (Pierce et al. 2010) , we provide morphological measurements of broadline AGN after AGN light subtraction with GALFIT in Table 6 .
The first measure we compared was concentration. To enable comparison with the SDSS, the concentration index is defined as the ratio of the radii containing 90 and 50 per cent of the Petrosian r-band galaxy light C = R 90 /R 50 . A galaxy with a steep concentration profile, such as an elliptical, will show a relatively large value for the C, while galaxies with a more shallow light profile, such as spiral and irregular galaxies, will have a lower C. In addition, the concentration index is strongly correlated with the galaxy's bulge to total luminosity ratio as well as the supermassive black hole mass. A plot of concentration vs. stellar mass is shown in Fig. 5 for BAT AGN compared to inactive galaxies and SDSS AGN. We find that at low stellar mass (log M * < 10), BAT AGN tend to have higher concentrations than inactive galaxies or SDSS AGN indicative of stronger bulges or a larger fraction of elliptical galaxies. However, as shown below, the BAT AGN sample has a very low elliptical galaxy fraction.
While C measurements are useful, they have been shown to be more closely related to luminosity than morphology (Gavazzi et al. 2000) . Since the human eye has consistently proven better than computational techniques at identifying faint spiral structure in images (Lintott et al. 2008) , we used a catalog of visual classifications from the Galaxy Zoo project DR1 (Lintott et al. 2008) . Before morphological classification, we matched each NL BAT AGN to one inactive galaxy and one SDSS AGN by redshift and stellar mass. We then used the visual classifications of morphology to divide host galaxies into elliptical, spiral, intermediate, and peculiar/merger. Each galaxy had on average 37 independent classifications for a total of over 15,000 classifications for the 3 samples. Elliptical or spiral galaxies were defined as galaxies in which on average >80% people selected this type. We define the peculiar/merger category following Patton & Atfield (2008) and Koss et al. (2010) by requiring a projected separation of <30 kpc and a radial velocity differences of less than 500 km/s between the sample galaxy and its possible companion. The remainder of galaxies we classify as intermediate.
A comparison between the Galaxy Zoo classifications of the samples can be found in Fig. 6 . We find that BAT AGN are more likely to be found in spiral morphologies at a rate (41%) roughly twice that of inactive galaxies (22%) or SDSS AGN (21%). We also find fewer BAT AGN in elliptical or intermediate types. We confirm that BAT AGN are more likely to be found in merging systems consistent with the result of Koss et al. (2010) . We see no statistically significant differences in the morphologies of inactive galaxies or SDSS AGN. In addition, we looked at the Hubble Types of the BAT AGN sample compared to the Third Reference Catalog of Bright Galaxies (RC3) to confirm our results with Galaxy Zoo. We used all galaxies in the RC3 in the same redshift range as the BAT AGN. The RC3 is composed of bright galaxies with optical B mag<15.5 and size larger than 1
′ . This restriction excludes many faint galaxies or about 98% of the SDSS sample in the same redshift range. The BAT AGN sample has slightly higher optical luminosities than the RC3 (mean M B = −20.33±0.82 vs. M B = −20.03±1.03) and is at similar distances (mean z=0.025±0.01 vs. z=0.019±0.01 for the RC3). We find more BAT AGN in early type Sa-Sb spirals (40%) compared to the RC3 catalog (26%). We see fewer BAT AGN in ellipticals (3%) compared the RC3 catalog (16%). The larger number of spiral morphologies in the BAT AGN sample is consistent with our analysis of morphologies using Galaxy Zoo.
Since spiral galaxies tend to be found in less massive systems than elliptical galaxies, we examined the rela- . Histogram of morphologies from the BAT AGN, inactive galaxies, and SDSS AGN. The morphologies were taken from measurements in the Galaxy Zoo DR1. The error bars represent 1σ Poisson statistics. We find a higher incidence of spirals in the BAT AGN sample and less ellipticals and intermediates. We also find more merging/peculiar types in the BAT AGN sample. tionship between morphology and stellar mass. For the BAT AGN in spirals, we find a higher average stellar mass (log M * =10.34±0.27) than in ellipticals and intermediates (log M * =10.07±0.42). A K-S test indicates a <4% the populations are the same. This finding is in agreement with Schawinski et al. (2010) that found that optical AGN in elliptical systems tend to be in less massive systems. We further investigated the predominance of massive spirals amongst BAT AGN by plotting the ratio of the number of spiral to elliptical galaxies by stellar mass (Fig. 7) . For massive systems (log M * >10.5), we find that BAT AGN are found in spirals at a rate that is 5 to 10 times higher than optical AGN or inactive galaxies. We also examined the galaxy inclination. A study of SDSS galaxies by Maller et al. (2009) found that elliptical galaxies rarely have small axis ratios, and galaxies with b/a<0.55 are 90% disk galaxies. Therefore the axis ratio can be a reliable quantitative tracer of morphology. To enable comparison with the SDSS catalog, we used the galaxy axis ratio in the g band (b/a). The axis ratio (b/a) is determined from the major and minor axes . Cumulative distribution of galaxy axis ratios in the r band (b/a) for the NL BAT AGN, inactive galaxies, and SDSS AGN. The axis ratio (b/a) is determined from the major and minor axes derived from SDSS isophotal photometry. Randomly distributed spirals with a cos θ distribution of axis ratios is shown for reference. We find that more NL BAT AGN have b/a<0.55 than inactive galaxies and SDSS AGN. This limit is where Maller et al. (2009) found almost 90% disk-like systems, and is consistent with increased incidence of spirals in NL BAT AGN compared to inactive galaxies and SDSS AGN.
derived from SDSS isophotal photometry. A plot of axis ratios of the samples can be found in Fig. 8 . For the axis ratios, we find a larger percentage of NL BAT AGN have b/a<0.55 which is where Maller et al. (2009) found almost 90% disk-like systems. This result is consistent with the increased incidence of spirals found by Galaxy Zoo for the BAT AGN. We find no difference between the axis ratios of the inactive galaxies or SDSS AGN.
Previous studies have suggested that optical emission line classification of Seyfert galaxies may be missing a population of edge on galaxies (Kirhakos & Steiner 1990; Simcoe et al. 1997) . Since the NL BAT AGN are more likely to be in disk galaxies which have lower axis ratios, we separated the samples by morphology in Galaxy Zoo and then did a comparison of axis ratio. In this case we do not see any statistically significant difference in axis ratios between NL BAT AGN spirals compared to spirals in inactive galaxies or SDSS AGN.
Finally, the SDSS catalog provides independent measurements of the fraction of early type galaxies from the photometry and spectroscopy. The SDSS spectroscopic parameter eClass classifies the spectral type of the galaxy using the principal component analysis technique, and the photometric parameter fracDev r measures the fraction of galaxy light that is fitted by a de Vaucouleurs law. Following Bernardi et al. (2003) we define as early type galaxies those objects with eClass<0 from spectroscopy and fracDev r > 0.8 from photometry. In this comparison we only use NL BAT AGN with spectroscopy in the SDSS (185). We find a statistically smaller number of NL BAT AGN in early type galaxies (39%±8), compared to inactive galaxies (61%±6) or SDSS AGN (56%±6). The error bars represent 1σ Poisson statistics. These results are consistent with a spectroscopic study of 64 BAT AGN which found that the majority of NL BAT AGN have spectra consistent with late type galaxies based on measurements of the stellar absorption indices . The percentage of BAT AGN galaxies classified as early type galaxies (39%±8) using SDSS spectroscopy is significantly larger than that based on morphological measurements from the RC3 or galaxy zoo (3% and 10% respectively). This is likely because the SDSS spectroscopy uses a 3 ′′ aperture and is measuring only the central bulge portion of the galaxy.
4.3. Colors, Morphology, and Ultra Hard X-ray Emission Since we found BAT AGN host galaxies have a greater number of merger and spiral morphologies, an additional question is how this is related to host galaxy colors. To test this we used a sample of BAT AGN in the process of mergers and did a comparison of their host galaxy colors compared to those BAT AGN not in mergers. A histogram of the merger and non-merger sample is shown in Fig. 9 . When separated by color, we find the merging population showing bluer colors and hence increased levels of star formation. This finding is in agreement with Koss et al. (2010) which found a higher rate of specific star formation from the IRAS 60 µm fluxes for the merging BAT AGN. We also find that spiral morphologies have bluer average colors than elliptical or intermediate morphologies (Fig. 10) .
Since galaxies of different morphologies tend to have . Plot of Petrosian g − r for BAT AGN spirals, inactive galaxy spirals, and SDSS AGN spirals. The error bars indicate standard deviations in each bin. We find a much smaller difference in colors of the three samples when we compare only galaxies with spiral morphologies. We find a similar trend in the u − r colors. This suggests that the higher incidence of spirals in the BAT AGN contributes to the bluer colors found when compared to the SDSS AGN or inactive galaxies. Figure 12 . Petrosian g − r of BAT AGN (black dots and letters) and inactive galaxies (contours) plotted as a function of logarithm of the stellar mass (M * ). The contour levels are plotted on a linear scale with each level representing 10% of the data (6875 inactive galaxies). In the BAT AGN sample, m, denotes a galaxy in a merger, s, a spiral morphology, i an intermediate morphology, and black dots denote ellipticals. We find a predominance of BAT AGN in blue, massive spirals and mergers in the regions outside of where most inactive galaxies lie. We find a similar trend in the u−r colors.
different colors, we examined the colors of spirals in the BAT AGN, inactive galaxy, and SDSS AGN samples to look for differences. In Fig. 11 , we show a plot of the colors of galaxies classified as spirals in Galaxy Zoo. We find a much smaller difference in colors of the three samples when we compare only galaxies with spiral morphologies. This suggests that the higher incidence of spirals in the BAT AGN sample may largely account for the bluer host galaxy colors when compared to SDSS AGN or inactive galaxies. A plot showing the color of each BAT AGN and its morphology can be found in Fig. 12 . We also show the inactive galaxy colors with contours. We find that the BAT AGN occupy a unique space in color, morphology, and stellar mass by tending to be in massive spirals and mergers that are bluer than massive ellipticals.
In terms of ultra hard X-ray luminosity, we do not find a significant difference between ellipticals, interme- Figure 13 . Histogram of stellar masses (M * ) of the BAT AGN sample compared to inactive galaxies and SDSS AGN. The error bars represent 1σ Poisson statistics. The BAT AGN have significantly higher average stellar masses (mean log M * =10.27±0.4) than inactive galaxies (9.45±0.58) and slightly higher stellar average stellar masses than SDSS AGN (10.18±0.28).
diates, or spirals. However, we do find a larger mean ultra hard X-ray emission from BAT AGN in mergers (log L 14−195 keV =43.64±0.48) when compared to the nonmerger sample (log L 14−195 keV =43.32±0.61. A K-S test indicates a <5% probability that the ultra hard X-ray emission from AGN in mergers is from the same population as the non-merger sample.
Stellar Masses and Ultra Hard X-ray Emission
We find that the BAT AGN host galaxies are predominantly in the most luminous and massive of galaxies. The mean optical luminosity is higher for BAT AGN (M r of -21.41±0.82) compared to inactive galaxies (-19.84±1.03), and SDSS AGN (-20.95±0.69). The BAT AGN also have higher mean stellar mass (log M * =10.28±0.4) compared to inactive galaxies (9.46±0.58) and SDSS AGN (10.18±0.28). This suggests that the BAT AGN tend to be in more massive galaxies than the SDSS AGN or inactive galaxies. See Fig. 13 for a histogram of the stellar masses of the populations. A K-S test has <0.01% probability that the BAT AGN stellar masses are from the same population as the inactive galaxies or SDSS AGN. We also confirm that SDSS AGN are in more massive galaxies than inactive galaxies (Kauffmann et al. 2003) . We also fit a Schechter function and find that the logarithm of the characteristic stellar mass (M * ) from the best fit is 10.28, 10.02, and 9.89 for the BAT AGN, SDSS AGN, and inactive galaxies in agreement with our findings that BAT AGN are more massive than inactive galaxies or SDSS AGN.
We also find that the average hard X-ray luminosity increases with stellar mass (Fig. 14) . The lowest quartile stellar mass has log L 14−195 keV = 43.07 ± 0.88 and the highest quartile stellar mass has log L 14−195 keV = 43.72± 0.36. In the lowest stellar mass quartile 34% of sources have log L 14−195 keV <43 while in the highest stellar mass quartile none of the sources have log L 14−195 keV <43. A K-S test has <0.2% probability that the distributions of ultra hard X-ray luminosities are the same for the lowest quartile and highest quartile of stellar mass. In addition, for the average stellar masses, we find a linear correlation between log L 14−195 keV and log M * with a slope of 0.62±0.14 and a less than 2% probability that Figure 14 . Plot of average ultra hard X-ray luminosity vs. stellar mass. Error bars represent the standard deviations in each bin. We find greater ultra hard X-ray emission for galaxies with larger stellar mass. A K-S test has <0.2% probability that the distributions of ultra hard X-ray luminosities are the same for the lowest quartile and highest quartile of stellar mass. In addition, for the average stellar masse, we find a correlation between log L 14−195 keV and log M * with a slope of 0.62±0.17 and a less than 2% probability that the values are uncorrelated. We have also plotted a line with a linear fit between stellar mass and ultra hard X-ray emission.
the values are uncorrelated.
Tests of Unification Model
We also tested the Unified Model of Seyferts using the BAT sample. In this model, it is assumed that all AGN are the same types of objects so host galaxy properties such as color, star formation, and morphology should be independent of the Seyfert type or level of obscuration toward the central engine.
We find that the host galaxy colors of narrow and broad-line AGN are the same in agreement with the unification model. Both the g − r and u − r colors of broadline AGN and NL AGN after GALFIT subtraction for AGN emission are very similar (Fig. 15) . For broad-line AGN, the mean g − r is 0.66±0.15 and for NL, the mean g−r is 0.68±0.12 with P(K-S)=43% that the populations are the same. In u − r, the color for broad-line AGN is 2.16±0.55 and NL AGN is 2.18±0.61 with P(K-S)=99% that the populations are the same.
An additional test of the Unified Model can be done by checking whether there is any correlation between color and column density in the BAT sample. Column densities were obtained from the literature Bassani et al. 1999; Noguchi et al. 2010 ) and the Tartarus database. We see no correlation between column density and host galaxy color (Fig. 16 ). Since host galaxy color measures the relative amount of star formation, this suggest that there is no relation between X-ray column density (N H ) and star formation.
We also investigated whether the NL and broad-line AGN have different rates of star formation in the far-IR. We define a proxy for specific star formation rate as the logarithm of the ratio of 90 µm emission from AKARI to stellar mass. The mean value for this parameter for the narrow-line AGN is 33.6±0.4 erg s In addition, we compared the morphologies of broad . Scatter plot of X-ray column density vs. host galaxy u − r. We see no correlation of X-ray column density with host galaxy color in agreement with AGN unification. We also find no correlation in g − r.
and narrow-line AGN. Because of the difficulty of determining morphology class for galaxies with very bright AGN, we limited our sample to galaxies with %PS r < 35. A plot of the percentage in each sample of different types of morphology can be found in Fig. 17 . We see no difference in the morphologies of broad and narrow-line AGN. Finally, we compared the axis ratios of BAT AGN with different optical classifications and obscuring column densities. In the unified model of Seyferts, the observed X-ray spectra of Seyfert 2s are expected to have higher absorbing column density than Seyfert 1s due to an edge-on view of the obscuring torus. However, edge-on spirals have been shown to have a geometrically thick layer of obscuring material in the host-galaxy planes that can also increase the absorbing column density (Simcoe et al. 1997 ). We confirm this by finding more NL AGN in highly inclined systems with smaller axis ratios (b/a<0.4; Fig. 18, left) . We also compared Xray column density vs. host galaxy inclination and found more inclined systems tend to have higher average X-ray column densities (Fig. 18, right) . This finding confirms an earlier result from the smaller 9-month sample of BAT Galaxies with lower axis ratios tend to be more edge on. We find more NL AGN in highly inclined systems with smaller axis ratios. Right: X-ray column density vs. host galaxy inclination as measured by the axis ratio (b/a). The error bars indicate standard deviations in each bin. Galaxies with higher inclinations have a higher mean X-ray column density. A K-S test indicates a <5% probability that the X-ray column densities from the lowest and highest distributions of axis ratios are from the same parent population.
AGN ).
SUMMARY AND DISCUSSION
We have assembled the largest sample of ultra hard Xray selected AGN with host galaxy optical data to date, with 185 AGN in total. We have performed extensive modeling with GALFIT to effectively remove the AGN light from the optical images. Using optical photometry, morphology, and spectroscopy, along with FIR emission we found:
(i) The BAT AGN galaxies are bluer in optical color than inactive galaxies or SDSS Seyferts of the same stellar mass.
(ii) We find a much higher incidence of spiral morphologies in BAT AGN compared to SDSS AGN or inactive galaxies. Amongst massive galaxies (log M * > 10.5), the BAT AGN show a preference for spiral morphologies that is 5 to 10 times higher than SDSS AGN or inactive galaxies. We also find that the bluer colors of BAT AGN can be accounted for by a higher fraction of mergers and spirals.
(iii) The BAT AGN have greatly enhanced 90 µm emission compared to inactive galaxies or SDSS Seyferts matched in redshift and stellar mass. (v) The BAT AGN are found in the most massive host galaxies with high concentration indexes indicative of large bulge-to-disk ratios and large supermassive black holes.
(vi) We also find that the average ultra hard X-ray luminosity increases with stellar mass and that BAT AGN in mergers have greater ultra hard X-ray emission than those in other morphological types. This suggests a link between supermassive black hole growth and the mass of the host galaxy.
(vii) In agreement with the Unified Model of AGN, we find the host galaxy colors and morphology are independent of X-ray column density and optical Seyfert classification.
These results indicate that host galaxy morphology is related to the activation and fueling of local AGN. Ultra hard X-ray selected AGN are particularly associated with massive spiral galaxies and galaxy mergers. These types of objects are generally associated with bluer colors, compared to the red massive early-type galaxies at similar stellar masses. These observational results provide some evidence for an association between AGN activity and galaxy mergers (e.g., di Matteo et al. 2005) , and also provide examples of AGN activity driven by the stochastic accretion of cold gas that should be more prominent among late-type systems (Hopkins & Hernquist 2006) .
Recent simulations have also suggested a transition between the fueling mechanisms of AGN with nonmerger events predominantly powering lower luminosity AGN and merger-induced fueling dominant in more luminous quasars (Hopkins & Hernquist 2009 ). We may be seeing evidence of this transition in our sample of BAT AGN that is powered both through merger events and less powerful nonmergers such as accretion of cold gas in late type systems. In support of this, we find that BAT AGN in mergers have a greater ultra hard X-ray emission than those in other morphological types. However, only a very small fraction (5/185) of BAT AGN in this sample are above the minimum bolometric luminosity associated with quasars (L bol >10 45 erg s −1 ). These results suggest that the process of merging may be important for powering more moderate luminosity AGN as well (see also Koss et al. 2010) .
In interpreting the results of an X-ray flux limited survey, it is useful to remember that the observed flux is a product of the black hole mass and accretion rate. On average, more massive galaxies will tend to have higher mass black holes that will produce a larger average X-ray flux than smaller galaxies with on average smaller black holes. However, among massive galaxies, elliptical morphologies are much more common than spirals, yet we find the most luminous hard X-ray AGN almost exclusively in spiral morphologies. This suggests that spiral morphologies must have higher accretion rates than elliptical morphologies. This finding is in agreement with recent theoretical predictions that suggest that only spirals typically have enough gas to trigger higher levels of radiatively efficient accretion in a geometrically thin disk (Fanidakis et al. 2011) . In order to understand this further, we are in the process of accurately measuring black hole masses to study the accretion rates for this sample.
Previous optical surveys have found that AGN tend to be in massive galaxies (Kauffmann et al. 2003) , occur along the red sequence (Westoby et al. 2007) , and tend to have similar numbers of galaxy mergers as inactive galaxies (Li et al. 2006) . However, in an ultra hard X-ray survey of AGN, we find that AGN host galaxies are bluer than inactive galaxies with higher numbers of massive spirals and galaxy mergers. We do not find observational evidence that the AGN suppresses star formation.
It is surprising that the optical morphologies and colors of ultra hard X-ray selected AGN are so different than emission line selected Type 2 Seyferts given their similar bolometric luminosity as measured in [O III]. However, these results are consistent with recent Spitzer surveys that have found that the AGN detection rate in late-type galaxies and mergers is much larger than what optical spectroscopic observations suggest (Satyapal et al. 2008; Goulding & Alexander 2009; Veilleux et al. 2009b ). Finally, studies of X-ray selected AGN at higher redshifts, have also found a significant population of AGN classified as star forming using emission line diagnostics (Yan et al. 2011, accepted) .
In the BAT AGN sample, there are several results that suggest optical emission line classification may be biased against late-type galaxies and mergers. In this study, we found that the axis ratios of BAT AGN are in general more inclined and have greater levels of internal extinction than comparable SDSS AGN. This extinction could obscure or dilute the narrow-line region and cause AGN galaxies to be misclassified as star forming regions. This finding is also in agreement with a previous analysis of BAT AGN that found optical emission line diagnostics preferentially misclassify merging AGN because of optical extinction and dilution by star formation ).
Another possibility is that the BAT AGN may be much more intrinsically luminous than their [O III] emission suggests. Since the majority of BAT AGN either have broad lines or are NL AGN that are correctly classified as Seyferts, yet are found to have much greater hard X-ray luminosities, this must be an important factor. In support of this, two studies of BAT AGN have found a very weak correlation between the [O III] and hard X-ray luminosity and that BAT AGN have additional reddening of the narrow line region not accounted for in optical studies Meléndez et al. 2008) . This is also supported by the much greater number of narrow-line SDSS Seyferts compared to hard Xray selected AGN. In the SDSS survey area, there are 24 optical emission line selected narrow-line Seyferts detected for each hard X-ray AGN at the same redshift. Some of these undetected sources may be heavily absorbed Compton-Thick AGN missed in the hard X-rays, but even the highest estimates expect only ≈ 50% of local narrow-line AGN are Compton Thick . If the BAT AGN are intrinsically more luminous than emission line selected AGN, this may explain their higher rates of mergers and enhanced FIR emission. We are currently in the process of assembling a larger survey of optical spectra of BAT AGN to better understand optical and X-ray measures of intrinsic luminosity.
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APPENDIX
AGN SUBTRACTION AND GALFIT ANALYSIS
The AGN color is bluer than the host galaxy, so it is important to accurately subtract the AGN light before doing photometry of the host galaxy. Two-dimensional surface brightness fitting was done using GALFIT (Peng et al. 2002) in the ugriz band to measure and subtract the AGN light. The program can simultaneously fit an arbitrary number of components using χ 2 minimization to determine the best-fit parameters. Our choice of GALFIT is based on the recent comparison of GIM2D vs. GALFIT which showed better fitting results and stability in finding solutions (Haubler et al. 2008) . While the median atmospheric seeing of our sample was only ≈1.5
′′ , since the sample is at a very low redshift, this ground-based optical imaging is comparable or even superior to the best Hubble Space Telescope (HST) images at high-redshift (z>0.5).
Initial estimates of galaxy magnitude, position, position angle, axis ratio, and half-light radius were provided using SExtractor following the GALAPOGOS routine (Haubler et al. 2008) . A point source (PS) was used to fit the AGN light. The Point Source Function (PSF) was modeled using five coadded bright stars in the same image field as the galaxy. An initial run of GALFIT was done using only a PS component to replace the SExtractor inputs for central position and PS magnitudes. Sky background estimates were made using SDSS sky values or from SExtractor.
To model the galaxy light we used the Sérsic profile, which is an exponential function with a variable half-light radius and an exponential parameter, n, called the Sérsic index (Sérsic 1968) . For n=1, the Sérsic profile is the same as an exponential disk model. When n=4, the Sérsic profile is the same as a de Vaucouleurs bulge. Other authors have used different fixed and floating Sérsic index models including a fixed bulge (n=4), a fixed disk and bulge (n=1 and n=4), and a floating Sérsic index (Veilleux et al. 2006 (Veilleux et al. , 2009a Schawinski et al. 2009 ). While a detailed study of the most effective way to measure the AGN and galaxy light has been done for simulated HST images (Simmons & Urry 2008; Kim et al. 2008; Pierce et al. 2010) , little has been done for ground-based images similar to the current study. Therefore, to determine the best modeling approach with GALFIT and the associated error, we simulated AGN galaxies for both our Kitt Peak and SDSS images.
To determine the best model to measure the AGN and galaxy light, we simulated broad-line AGN galaxies by adding bright stars to the centers of images of inactive galaxies and NL AGN. We randomly selected one star from our images to use as the simulated AGN PS and placed it in the center of the galaxy. Since the SDSS and Kitt Peak data had different PSFs and exposure times, we tested them separately. To test the SDSS data, we selected 15 inactive galaxies from the SDSS catalog which matched in redshift, color, and apparent magnitude to our Seyfert 2 galaxies with 0.025 < z < 0.05. These galaxies are the most distant in our sample and have the poorest resolution, so PS subtraction leads to large errors; they therefore serve as a worst case scenario for our sample. For the Kitt Peak images we chose a sample of 10 of the BAT Seyfert 2 galaxies with the same redshift range. For each of the simulated AGN galaxies we added the star at incremental percentage (%PS r ) values of total (AGN and galaxy) light in the r band. In total, to test them in each filter, we created 300 simulated AGN galaxies and ran GALFIT 3500 times. We then used these simulated AGN galaxies to test the effectiveness of GALFIT with different models. Fig. 19 shows the simulation results for the different Sérsic models for increasing %PS r light in the r band. We did not find a significant difference in GALFIT modeling using the Kitt Peak or SDSS samples, so these results include both samples. We found an inaccurately modeled PSF will force GALFIT to converge to artificially high Sérsic indexes for the galaxy model. This has also been found in simulated HST images (Simmons & Urry 2008; Kim et al. 2008 ). The PSF mismatch causes light from the host galaxy component to be artificially increased by effectively taking light from the AGN component. This happens by inflating the galaxy Sérsic index. This effect increases as the %PS r increases. In addition, as we move towards larger %PS r , the associated standard deviation of error of the modeled galaxy light increases.
To accurately remove the AGN light, it is important to choose the best model. We did this by finding the difference between the modeled galaxy light and the actual galaxy light. When no PS component is used in the models, GALFIT still finds a faint AGN, so after subtraction, the modeled galaxy light component is fainter than the actual one. When the host galaxy is brighter than the AGN in the r band (%PS r <50), the worst model is to simply subtract a PS component to estimate the galaxy light because this overestimates the AGN light. For the Sérsic and PS fitting models, the best model is to use an n=4 fixed bulge component and PS or n<4 variable Sérsic Index and PS since these models have the smallest average error and standard deviation of error. The worst model is fitting with a disk(n=1) and bulge(n=4) or fitting with a variable Sérsic Index since these models have the largest average overestimation of galaxy light and have the largest standard deviation of error. Simmons & Urry (2008) also found this result using simulated HST images. To avoid any systematic biases against disk-like systems we used the n<4 variable Sérsic Index although the fixed bulge (n=4) Sérsic model performed similarly. An initial guess of 2.5 was used for the Sérsic Index. The index was allowed to float in the model along with all other values other than the sky background.
The next step was to broaden the examination of GALFIT's performance from one filter to the entire ugriz filter set. In Fig. 20 (left) , we show the performance in each of the filters. They are similar to each other, but the blue bands have higher uncertainties because of poorer resolution.
When testing the performance across filters it is important to consider that the AGN spectral energy distribution (SED) emits more energy at bluer wavelengths than the host galaxy; otherwise we may underestimate the contamination in the bluer bands. To examine this, we assumed a AGN SED power law of f −0.5 ν as has been found for the optical spectrum of quasars (Richards et al. 2006) . We then normalized to the total light in each filter band based off of the %PS r . Figure 19 . To determine the best models to use for subtraction of the AGN light, we tested simulated AGN galaxies using different Sérsic models with a point source (PS) to fit the AGN light. We varied the AGN to total light (%PSr) in the r band to test how the models performed at increasing levels of AGN light. A positive value indicates that the mean host galaxy light is overestimated. The error bars indicate standard deviations in each bin. As the (%PSr ) increases the host galaxy light is overestimated by all of the Sérsic and PS models and the standard deviation increases. We find that the model with a PS and floating Sérsic Index with n<4 or n= 4 is most effective at measuring the AGN light based on a lower measured AGN contamination and smaller standard deviation.
These final modeling results suggest important constraints where GALFIT is effective in removing the AGN light (Fig. 20, right) . Based on these results, we restrict our u band photometry to galaxies with AGN brightnesses of %PS r <20 where the contamination is 0.05±0.15 mag. For photometry in the other griz filters, a less stringent restriction of %PS r <40 is sufficient to keep our errors within σ = 0.05±0.04 mag.
In addition to our simulations, we also tested the real BAT AGN galaxies for AGN contamination after removing the AGN light measured by GALFIT. The effects of subtracting the AGN contribution with GALFIT are shown for the u − r and g − r for the broad-line AGN in Fig. 21 . The galaxy colors stay flat with increasing % of AGN light up to ≈20% for the u band and ≈35% for the griz band. This agrees with the results of our modeling of AGN contamination at 20% for the u band and 40% for the griz. Based on these results, we have imposed a tighter restriction of 35% AGN light on the griz band photometry to ensure there is no AGN contamination.
We have restricted our color analysis of host galaxies because of our inability to remove the AGN light with GALFIT for the brightest AGN. After fitting with GALFIT, 17 or 10% of galaxies had bright broad-line AGN, where %PS r >35, and these galaxies were not included in the griz analysis because of uncertainty of the host galaxy photometry (Fig. 22) . When we include both the galaxies that were not included because of pixel saturation and those with with %PS r >35, the completeness is 71% for the highest quartile of BAT luminosity and >95% for the other 3 quartiles. In the u band, 41 galaxies or 23% were excluded because the luminosity of the AGN exceeded 20%. The completeness is 71% for the highest quartile of BAT luminosity and >95% for the other 3 quartiles. This may introduce a small bias against QSO-like systems. However, in the regions where GALFIT is accurate in the removal of the AGN, we do not see any strong trends towards bluer colors in higher luminosity AGN.
Our photometry will be used to provide colors and stellar masses of the host galaxy. Contamination from the AGN will be reduced in relative color measurements, since the photometry from all filters includes light from the AGN and will to some extent be subtracted off in color measurements. Finally, when using photometry to determine stellar masses, the redder bands are weighted more heavily, as they tend to be less contaminated by the AGN component than the bluer bands. Figure 20 . Top: Effectiveness of GALFIT in removing the AGN light by filter for modeled AGN galaxies. We have used a PS and floating Sérsic Index with n<4 to measure the AGN light. Increasing levels of %PS are shown. As the simulated AGN light increases, the galaxy light is overestimated for all filters. The error bars indicate standard deviations in each bin. The errors are higher for the u and z where the resolution is poorer. Bottom: We also included the effect of the bluer quasar SED using the colors of AGN (Richards et al. 2006 ) and the colors of our average Seyfert 2 host galaxy. The error bars indicate standard deviations in each bin. The bluer filter performance is worse because of the higher ratio of AGN to galaxy light.
COMPARISON SAMPLE
In this section, we discuss considerations in our choice of the comparison sample from the SDSS, the use of catalog photometry, and importance of comparing galaxies with similar brightnesses or stellar masses. We have used galaxies with both photometry and spectroscopy from the SDSS as a comparison sample. Since 50% (93/185) of BAT AGN galaxies are in the SDSS spectroscopic coverage area, we can examine these galaxies to determine the completeness of the SDSS catalog sample. In Fig. 23 , the SDSS spectroscopic coverage of BAT AGN by redshift bin is shown. While 70% of the BAT sample in the SDSS has spectroscopic coverage, the brightest galaxies in each redshift bin are missed for z<0.03. Above this redshift a few broad-line AGN with bright nuclei are misclassified as stars. Due to the selection effect against the brightest galaxies, in this study we have chosen a SDSS control sample of galaxies with 0.01<z<0.07. Figure 23 . Percent coverage of BAT AGN in the SDSS spectroscopic footprint with spectroscopy. Due to the brightness limits (mr < 15) in the spectroscopic sample, 30% of the BAT AGN galaxies are missed by the SDSS spectroscopic sample. In addition, some broad-line AGN with bright nuclei are misclassified as stars and not included in the SDSS spectroscopy. Finally, some merging BAT AGN galaxies are not covered because of fiber collision limits in the SDSS. Due to this effect, we have used SDSS galaxies in the redshift range of 0.01<z<0.07 to compare to BAT AGN. . Negative values indicate we find a brighter magnitude than the SDSS catalog. Since the automated routine in the SDSS has a tendency to shred galaxies into multiple component galaxies, the magnitudes are reduced. This shredding effect is much stronger for the brightest galaxies. However, for mr>13.5 or z>0.01 the magnitudes are in good agreement. Given these results, we have restricted our SDSS catalog comparison to this range.
<11.5 11.5-12.5 12.5-13.5 13.5-14. We also ensured that our own photometry of BAT AGN agreed with the SDSS catalog measurements. We can measure the differences between our photometry and those in the SDSS catalog since 62% (116/185) of BAT AGN are in the SDSS photometric catalog (Fig. 24) . The SDSS photometric catalog incorrectly shreds features of bright, nearby galaxies, such as spiral arms, rings, and dust lanes into different components. This causes a systematic underestimation of the brightness of galaxies and variations in their measured color. Because of this shredding effect, we have restricted our SDSS catalog comparison to galaxies with m r >13.5 and z>0.01, where we find good agreement in photometry. In Fig. 25 , we show a comparison between the g − r of BAT AGN measured in the SDSS catalog and measured using our own photometry. The SDSS catalog colors show better agreement than the photometry since the effects of shredding tend to cancel each other out in relative color measurements.
When comparing host galaxy properties, it is important to consider the flux limited nature of both the SDSS and BAT surveys. In Fig. 26 , a plot of average M r by redshift for the BAT AGN, SDSS AGN, and inactive SDSS galaxies is shown. At higher redshifts the SDSS detects AGN and galaxies that are more luminous and have a higher stellar mass because of a selection effect against optically faint galaxies. On the other hand, the BAT AGN survey detects AGN galaxies of a constant optical brightness across a range of redshifts. Due to these selection effects, it is important to compare host galaxy colors between the BAT survey and SDSS survey only at similar brightnesses or stellar masses.
SELECTION EFFECTS IN THE BAT SURVEY
In the ultra hard X-rays, the BAT survey is also flux limited. Assuming the ultra hard X-ray AGN are distributed randomly following the distribution of luminosities at lower redshifts, and using the limiting sky sensitivity, we can make a further estimate of completeness (Fig. 27) . We find that the BAT sources are complete for z<0.05 in this survey for log L 14−195 keV >43.7 or ≈log L 2−10 keV >43.2 assuming no intrinsic absorption. In addition, we limited our analysis of morphologies to NL BAT AGN. The completeness fractions are shown in Fig. 28 as a function of ultra hard Figure 26 . Plot of average absolute mag in r for the BAT AGN, SDSS AGN, and inactive galaxies. The error bars indicate standard deviations in each bin. The dashed lines indicate the approximate brightness and faintness limits from the SDSS spectroscopic survey. At higher redshifts, the SDSS detects galaxies that are more luminous and have a higher stellar mass because of the selection effect against faint galaxies. On the other hand, the BAT AGN survey detects AGN galaxies of a constant optical brightness across a range of redshifts. Due to the selection effects it is important to compare host galaxy colors between the BAT survey and SDSS survey only at similar brightnesses or stellar masses. For comparison, in the redshift range between 0.03 to 0.05 and the survey coverage area of the SDSS, the BAT survey has 28 broad-line and 17 NL AGN. In this same range, the SDSS has 121 broad-line and 411 Seyfert 2 AGN. . Plot of estimated completeness above a ultra hard X-ray luminosity within the redshift range of this survey (z<0.05) using the median flux sensitivity of the 58 month survey (1.1 × 10 −11 erg cm −2 s −1 ; Baumgartner et al. 2011, submitted) . This plot assumes the ultra hard X-ray AGN are randomly distributed by volume and uses the distribution of lower redshift sources to estimate those missed at higher redshift. We find that the BAT sources are complete for z< 0.05 in this survey for log L 14−195 keV > 43.7 or ≈log L 2−10 keV >43.2 assuming no intrinsic absorption.
X-ray luminosity. We see that the highest luminosity quartile for BAT luminosity is less complete than the lowest quartile, although this difference is <20%. In addition, the BAT survey may miss heavily obscured Compton-thick sources that may be identified using methods at other wavelengths. Compton-thick sources are AGN where our line of sight to the source is blocked with obscuring matter that has an optical depth of τ > 1 (N H > 1.5 × 10 24 cm −2 ). At these optical depths, much of the X-ray emission is reflected and not direct. For Compton-thick sources, the column densities are so high that little to no direct emission escapes below 10 keV. Estimates of the number of Compton-thick sources in the BAT AGN sample have ranged from 3% to 20% Winter et al. 2009; Ajello et al. 2008) . A recent analysis of the INTEGRAL AGN at 20-40 keV finds that the number of Compton-Thick AGN found by optical and ultra hard X-ray methods is in agreement up to z=0.015 (Malizia et al. 2009 ).
We independently estimated the number of missing Compton-thick sources by investigating the difference in narrow and broad-line sources by redshift. A plot of average ultra hard X-ray luminosity compared to redshift for narrow-line and broad-line AGN in the BAT survey can be found in Fig. 29 . We have also plotted the approximate all-sky limiting flux of the BAT ultra hard X-ray detections for the 58 month catalog. This shows that the BAT survey does have a slight tendency to find narrow-line AGN at closer redshifts than broad-line AGN. The mean redshift is 0.027 for broad-line sources and 0.022 for narrow-line sources. The mean log L 14−195 keV is 43.56±0.65 for broad-line sources and is 43.37±0.59 for the narrow-line sources.
An additional way to estimate the number of missed absorbed sources is by measuring the percentage of NL BAT AGN by redshift (Fig. 30) . We find that the number of narrow-line sources falls at higher redshifts. For z<0.01, 61% are NL AGN while at 0.03<z<0.05 only 31% are NL AGN. If we assume that the ratio of 61% narrow-line AGN in the z<0.01 bin is the true value and is constant with redshift, then we will be missing about 50 narrow-line sources at higher redshift or 27% of the entire sample. However, we do not find any statistically significant difference in color between NL and broad-line AGN or between luminous (log L 14−195 keV >43.5) and less luminous sources. We also do not find any statistically significant difference with increasing X-ray column densities. These results suggest that the flux-limited nature of the survey does not strongly influence our overall results. We can make an additional estimate of the number of missing Compton-thick AGN based on the ratio of NL to broad-line AGN in the SDSS survey. In the redshift range between 0.03 to 0.05, the SDSS has 121 broad-line AGN and 411 NL AGN. For comparison, the BAT survey has 28 broad-line AGN and 17 NL AGN in this range. This suggests that approximately 77% (411/532) are narrow-line, which is greater than the 61% of NL BAT AGN at low redshift, but not outside of the 1 sigma error bars for z<0.02. We may therefore estimate that at a maximum ≈16% AGN are missed as Compton-thick. Unless a large fraction of the missed sources have systematically different colors, morphologies or mass than the detected sources we do not expect a large effect on our results. We find that the number of narrow-line sources falls at higher redshifts. For z<0.01, 61% are NL AGN while at 0.03<z<0.05 only 31% are NL AGN. If we assume that the ratio of 61% narrow-line AGN is constant across redshift, we will be missing about 50 narrow-line sources at higher redshift or 27% of the entire sample. 1 Detection based on overlapping fields in SDSS and Kitt Peak sample with at least 5 pixels above signal-to-noise ratio>3. 2 PSF function was calculated using the FWHM of a single gaussian fit to the 10 brightest unsaturated stars. 3 Galaxy Zoo Class where E stands for ellipticals, I, for intermediates, S, for spirals, and M for mergers/peculiars. For the Kitt Peak data, which has no Galaxy Zoo data, we use the Hubble Types from the RC3 with T = -6 to -4 corresponding to ellipticals, T = -3 to 0 to intermediates, T > 0 to spirals. 4 We use the observed axial ratio (a/b) as a proxy for inclination.
An a/b=1 corresponds to a face-on galaxy. We use the g band and fit to the 25th mag arcsecond −2 isophote. 5 Whether the galaxy has a broad-line AGN based on SDSS galaxy class or the available optical spectra. While we excluded these broad-line measurements from the morphological analysis, we have provided them for completeness. We subtracted the AGN model for these galaxies before determining the Petrosian radius and concentration index. However, the difficulty of perfectly subtracting the AGN light distribution makes these values more uncertain. 6 The Petrosian radius and concentration failed to converge. This happened more often for close mergers or in a broad-line AGN where the AGN was imperfectly subtracted.
